INTRODUCTION
Mechanisms of strain localization during continental rifting play a critical role in formation of ocean basins and the ultimate form of passive margins (Huismans and Beaumont, 2011) . The Gulf of California rift formed by oblique separation across the Pacifi c-North America plate boundary, motion currently accommodated by as doi:10.1130/G34904.1 Geology, published online on 10 January 2014 2013), an event broadly synchronous with marine incursion and formation of a continuous Gulf of California seaway ca. 6. 5-6.3 Ma (Oskin and Stock, 2003a) . Focused dextral shear is well documented within the rifted margins of the northern Gulf of California (Lewis and Stock, 1998; Oskin and Stock, 2003b; Seiler et al., 2010; Bennett et al., 2013) ; however, the extent of this deformation and the amount that occurred prior to rift localization are unknown.
PALEOMAGNETISM OF REGIONAL IGNIMBRITES
To quantify dextral shear prior to rift localization, we compiled a transect of vertical-axis block rotations across the Pacifi c-North America plate boundary at lat 29°-31°N using paleomagnetism of extensive ignimbrite (welded ash-fl ow tuff) deposits. Two widespread ignimbrite markers that loosely bracket proto-Gulf time, the 12.5 Ma Tuff of San Felipe (SF) and the 6.4 Ma Tuffs of Mesa Cuadrada (MC), are offset by similar amounts across the northern Gulf of California (Oskin et al., 2001; Oskin and Stock, 2003b) (Fig. 1 ). Dextral shear may result in clockwise vertical-axis rotation, detectable by comparing paleomagnetic vectors preserved by the alignment of magnetic minerals, primarily magnetite (Nagy, 2000) , in these tuffs. These vectors indicate the apparent orientation of the geomagnetic dipole fi eld at the time the tuff cooled below the Curie temperature (500-650 °C). The eruption that produced SF blanketed >4000 km 2 (Oskin and Stock, 2003b) . Paleomagnetic remanence vector directions from SF have unusually shallow inclinations (~5°), up to the southwest, associated with an apparent geomagnetic fi eld excursion or reversal (Stock et al., 1999) . MC is another widespread (>2100 km 2 ) ignimbrite with two distinct cooling units, Tmr3 and Tmr4 (Oskin and Stock, 2003b) . MC carries a typical normal-polarity paleomagnetic remanence vector direction (Lewis and Stock, 1998) .
Previous studies report paleomagnetic vectors for SF and MC from northeastern Baja California (Lewis and Stock, 1998; Stock et al., 1999; Nagy, 2000) , Isla Tiburón (Oskin et al., 2001; Oskin and Stock, 2003b) , coastal Sonora (Darin, 2011; Bennett et al., 2013) , and central Sonora (Stock et al., 2006; Hernández-Méndez et al., 2008) . These studies determine clockwise vertical-axis rotations relative to the Mesa Cuadrada reference site in Baja California (Fig. 1) . Both SF and MC are gently tilted westward at Mesa Cuadrada, which is east of the rift-bounding San Pedro Martír fault. Due to the small number of collected cores (n ≤ 6 per tuff), this reference site yields large uncertainty that propagates into all rotation calculations and prohibits detailed comparison of rotation between SF and MC.
To assess the proportion of rotation accumulated during proto-Gulf time, between eruption of SF and MC, we drilled new high-precision paleomagnetic reference sites for both tuffs in undeformed exposures in north-central Baja California, west of the San Pedro Martír fault ( Fig. 2; Table DR1 ). Mean magnitudes of the rotation errors (ΔR SF = 4.9°, ΔR MC = 6.3°) using these new paleomagnetic sites are lower than the rotation errors using the previous reference sites at Mesa Cuadrada (ΔR SF = 6.0°, ΔR MC = 13.2°), owing greatly to the larger number of cores (SF, n = 48; MC, n = 92) collected at the new reference sites. At sites where both the Tmr3 and Tmr4 cooling units of the MC were drilled, their rotations are similar. However, due to higher rotation errors for Tmr4 (Table DR1) , we include only the results from Tmr3 in our analysis. At paired sites, where both SF and MC are present in the same fault block, clockwise rotation that occurred prior to 6.4 Ma is detectable by differential rotation between SF and MC. At 10 of 11 paired sites, SF is rotated clockwise by a greater amount than MC (Fig. 3) . Of these 10 sites, 7 are precise enough to statistically isolate differential rotation. At paired sites, as much as 48° (weighted mean of 16°) of clockwise rotation occurred prior to 6.4 Ma. By weighting all paired site results by the differential rotation error, we estimate that 48% (locally 0%-75%) of the net rotation occurred prior to 6.4 Ma.
Overall, we fi nd that clockwise vertical-axis rotation was widely distributed across the Basin and Range province in Mexico (Fig. 3) . The lowest rotation values (error-weighted mean of 10°) are observed in central Sonora, where as many as doi:10.1130/G34904.1 Geology, published online on 10 January 2014 sites show counterclockwise rotation as show clockwise rotation. In contrast, clockwise rotation is ubiquitous immediately surrounding the Gulf of California. Mean rotation of SF is ~36° in coastal Baja California and coastal Sonora, whereas the mean rotations for MC are only 15° and 22°, respectively. On western Isla Tiburón, concordant rotation of SF and MC (mean of ~21°) shows that prior to 6.4 Ma, before opening of the intervening Gulf of California ocean basin, this zone remained unrotated and embedded between zones of strong dextral shear in coastal Sonora and Baja California (Fig. 3) .
DISCUSSION AND CONCLUSIONS
The results of this regional paleomagnetic study show that a narrow belt of focused dextral shear, herein named the Gulf of California shear zone (GCSZ), initiated during proto-Gulf time, was embedded within the western part of the Basin and Range province in Mexico, and probably linked northward with the San Andreas fault (Fig. 4) . The Pacifi c-North America oblique-divergent plate boundary eventually localized within the core of this shear zone, where the Gulf of California subsequently formed (Fig. 1) . After restoring the Baja California peninsula southeast to its ca. 6 Ma position (Fig. 4) , the GCSZ is defi ned by an ~100-km-wide, north-northwest-trending transtensional belt of dextral strike-slip faulting and ubiquitous, large-magnitude clockwise vertical-axis block rotation. This rotation began between 12.5 and 6.4 Ma in coastal Baja California and coastal Sonora, and involved the intervening zone of western Isla Tiburón after 6.4 Ma. Block rotations in the GCSZ were broadly coincident, in both time and space, with rift localization (Oskin et al., 2001 ) and marine seaway incursion (Oskin and Stock, 2003a) . Regions east of this shear zone, in central Sonora, accommodated heterogeneous and overall smaller block rotations. Two sites with large (>20°) clockwise rotation are probably associated with diffuse proto-Gulf dextral faulting here, as fi rst proposed by Gans (1997) .
Development of the GCSZ may have been caused by an ~15° clockwise shift in the azimuthal direction of Pacifi c-North America relative plate motion ca. 8 Ma (Atwater and Stock, 1998) that increased the obliquity of the rift and favored the development of strike-slip faults (Withjack and Jamison, 1986) . We hypothesize that crustal thinning became focused within the GCSZ along en echelon pull-apart basins linked by these strike-slip faults and bounded to the west by the stable Baja California microplate. After 6 Ma, this facilitated the transition to narrow rifting and the subsequent ~250 km of northwest-southeast crustal extension on kinematically linked, large-offset normal faults (González-Fernández et al., 2005) . The GCSZ is analogous to the modern-day Walker Lane as doi:10.1130/G34904.1 Geology, published online on 10 January 2014 transtensional belt of western Nevada and eastern California (western United States), where continental strike-slip and extensional faulting, block rotation, basin formation, and synrift volcanism occur along the western margin of the Basin and Range province, adjacent to the stable Sierra Nevada microplate (Faulds and Henry, 2008; Wesnousky, 2005) .
Extension progressed for ~20 m.y. in the Basin and Range province in Mexico, but localized extension did not occur until an increase in rift obliquity and the development of strike-slip faults. Extensional pull-apart basins bounded by large-offset strike-slip faults focus crustal thinning more effi ciently than orthogonal rifting (Brune et al., 2012; Van Wijk et al., 2011) . In this way, an increase in obliquity may provide a mechanism to catalyze the rift localization process, accelerating the evolution from a wide to narrow rift (Buck, 1991) . Resultant continental margins are likely to be structurally heterogeneous with strike-, dip-, and oblique-slip structures (e.g., Withjack and Jamison, 1986) , and may be strongly asymmetric if they inherit a wide rift history formed by orthogonal or mildly oblique rifting. The record of deformation in the Gulf of California demonstrates that the degree of rift obliquity plays a fundamental role in the effi ciency of localizing divergent plate boundary strain, a prerequisite for continental rupture and formation of new oceanic crust.
